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Abstract
Medicine is en ever-changing field of science and technology. With constant changes in
procedures, medications, and technologies, it is important to adapt along with this changing
environment. In today's world, artificial intelligence is arguably one of the most comprehensive
fields in technology. By:8Jlalyzing the original artificial intelligence systems in medicine, it is
possible to improve upon and create new systems that will take the medical field to the next
level. The goal of this thesis was to review expert systems that were utilized in the medical field
early-on in the artificial intelligence race and to foster a new wave of thinking regarding artificial
intelligence in the medical field.
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ARTIFICIAL INTELLIGENCE IN THE MEDICAL FIELD
A Review ofArtificial Intelligence in the Medical Field
The medical field is constantly evolving with the development of improved technology;
discovery of better medications; and increased efficiency of laboratories. With the mass amount
of.change that occurs on the daily basis in medicine, the professionals who are in this field are
forced to constantly adapt and change their methods of practicing. Not only is this putting more
stress on the professionals, but it is also putting pressure on the healthcare system itself {Garson
and Levin, 2001). Even though new technology is constantly being implemented, the United
States healthcare system is neglecting the value of using artificial intelligence to its full extent.

When looking at artificial intelligence in the medical field, the most logical place to start
is with expert systems. Expert systems are knowledge-based systems that compute decisions in a
specific domain by using inferences to solve problems that would require a human to have
expertise to arrive at the same decision (Heathfield, 1999). As expert systems work in domains,
or the field that which the expert system is designed to interact in such as medicine, business,
etc., they have a very narrow field of expertise, however, the possibilities to what fields these
systems can be applied to is quite endless. Expert systems are not a new technology. They have
been used in the medical field since the early 1970s (Heathfield, 1999). Many amazing systems
came out of this era such as MYCIN, INTERNIST, PXDES, and CADUCEUS. These systems
pioneered a new wave of thinking regarding medicine, as technology and AI more specifically
was not seen as separate from the medical field. Even though these systems began an evolved
way of thinking in medicine, there use did not last long. Many of the systems needed large
amounts of data to reach conclusions and did not capture the support of physicians as they were
designed to replace them (Heathfield, 1999). Thus, a new era of thinking was born where
technology was designed to enhance the practitioners' ;bilities, rather than replace them.

-· --- --------
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This movement away from expert systems forced many of these systems to never be used
again. Even though they created a new wave of thinking, these systems are the bridge between
human-practice medicine and machine-practice medicine. Therefore, this paper will focus
heavily on expert systems; their practical use in medicine; and how they prepare the medical
field for future AI implementation.
Algorithmic Approach
Expert systems can be broken down into tbur components (Figure 1). The first
component is the knowledge base. The knowledge base is an organized collection of facts and
heuristics about the system's domain or field ofexpertise. Developers of the system utilize
human experts, books, and databases to design the knowledge base to contain all the necessary
information for the expert system to complete its actions (Kunz, 2007}. Without a we11deve1oped knowledge base, the expert system will not have enough information to make
inferences nor perfonn to the level that is desired.

User lrnrface

-----l

Kuman bpef1 •nd

�

Figure 1. Diagram hreakdawn ofexpert sy.rrem components.

The second component is the knowledge representation. This is the method used by the
developers to organize said knowledge within the knowledge base. The information about the
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world must be put into a form that the computer system can analyze and utilize to solve complex
tasks. For most medical expert systems, two methods are utilized: frame-based systems and
production rules (Kubassova et. al., 2021). Frame-based systems utilizes frames to represent
domain knowledge. This fuune represents a concept or situation. Attached to this frame are
various kinds of information such as the definitional, descriptive, and use of said frame.
Production rules consist of an IF statement (condition), and a THEN statement {action}. These
rules are created from the knowledge inputted by the human expert and converted into hardcoded
rules that are then applied to the input data from the user.
The third component and the working part of the expert system is the inference engine.
Utilizing the knowledge base, the engine combines the facts of the current input case with the
information contained within the knowledge base to derive a recommendation. As well as
outputting a recommendation, the inference engine will also direct the user interface to query the
user for any information it needs for further inferences. Expert syste1!1s use two methods to make
inferences: forward chaining and backward chaining (Kwiz, 2007). Forward chaining is a data
driven strategy. The engine will work through the facts of the input to reach a goal. The engine's
strategy revolves around applying the facts contained within the knowledge base and the
premises that can be satisfied. The engine attempts to match a condition (IF) with the facts that
are available from the input case. Backward chaining engines attempt to match the hypothesized
goal with the action (fHEN) of the rules contained within the knowledge base to determine the
facts that satisfy the goal (Kwiz, 2007). The final component is the user interface. This is the
point of interaction between the user and the system. Users will interact with this interface to
input data that is needed by the engine to make an inference. As well as the user input, the engine
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will also utilize the interface to output recommendations as welJ as direct the user for more
information pertaining to the case.

Design EvaJuatlon
Expert systems are domain specific, meaning the databases are specific to one field or
even more specific to one subfield. In the case of the medical expert systems. many are focused
to one specific type of diagnosis. For example, PXDES was an early application of expert
systems to medicine that was designed to diagnose lung diseases. MYCIN was designed to
identify the bacteria causing severe infections. Both these systems were contained to very
specific recommendations and held no other value. However, CADUCEUS was an improvement
on MYCIN that focused on a wider range of internal medicine and was able to diagnose up to
I 000 different diseases. Even though these systems functioned well in their domains, the
complexity to continue the use of the software was lacking. Expert systems were low-level AI
models that interpret large amounts of data and apply it to the specific case at hand. Domains
were limited and required constant maintenance and updates. Thus, expert systems had many
downfalls that removed them from the expansion of the medical field.
Expert systems were purely a diagnostic tool to aid the medical field in diagnosis.
However, as low-level AI, they lacked a key factor in the long-tenn effectiveness: self-learning.
The systems lacked any algorithms that allowed them to learn past the facts and heuristics that
was contained within the knowledge base. Lacking self-learning meant that these systems had to
be constantly updated to maintain their usability. This major flaw turned away many
professionals and developers as this meant more time and money dedicated to upkeep rather than
practical use (Heathfield, 1999). Another major factor in the downfall of expert systems was the
lack of human-AI interaction. These systems interacted solely with the data that was inputted
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rather than engaging with the user. User interaction was minimal and solely for data input for the
inference engine. Therefore, the systems did not contain memory on user specific data. Users had
to remember what exactly to input to get a response from the system because the systems did not
learn beyond what data was contained within their knowledge base. When it comes to AI
nowadays we expect it to learn how preferences and how we interact with it. This aspect was
lacking from the expert systems and I believe this was big portion of their downfall. The
simplicity of the desi gns may have contributed to their downfall as they lacked key components
of successful AI, however, it allowed for users and experts to learn the systems very quickly
once they had time to practice with them. Users were not distracted by too many features and
could not be confused by whet the system wanted. Another great aspect of the simple design is
the steady responses the systems gave to users as a diagnostic tool, no emotions or human
instinct was used in the output. It was purely data driven. Even though expert systems were
simply design ed and did not include the things we think ofin terms of AI today, they are an
invaluable resource that can be improved upon to enhance and create medical AI today.
Non-Design Evaluation
When it comes to non-design elements of expert systems in the medical field, the biggest
question is how trustworthy these machines are in making decisions. These systems, even though
monitored, have significant autonomy when it comes to making the medical decision based on
the data given. The best way to allow users and experts to have trust in these systems is to lay out
bow the systems work as well as providing the public with infonnation to reduce the notion of
perceived risk (Hengstler et al., 2015). When it comes to adopting a new technology within the
realm of complete autonomy, it is important that risks associated with the machines are
minimized for the public. The other side of trust comes into play with the medical professionals

I
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using these systems as they would be liable for any malpractice. Thus, allowing the medical
professionals to be heavily involved with design, testing, and actual process of decisions by the
machines would increase trust within their minds.
Another non-design related aspect is the availability and production costs associated with
these systems. Due to the amount of time and money it takes to train an individual to be an
expert in medicine, the development of an expert system is way less. These systems allow for a
quick and more cost-efficient way to make medical diagnoses (Hengstler et al., 2015). Another
factor is the error rate of expert systems in comparison to their human counterparts. A machine
lacks any biological hinderances such as lack of sleep, emotional states, and stress. Expert
systems are completely data driven, thus any data inputted into the system will be analyzed. A
human can make mistakes more so than a machine. Thus, expert systems offer similar decision
making processes to human experts without the biological downsides.
Even though these systems were designed to replace medical-professionals, they offered
another viewpoint for the practitioners. Confinnation of diagnoses via a system solely designed
to interpret large amounts of data can provide medical professionals a sense of comfort and trust
in their own decisions (Aoki, 2021 ). The only bad aspects of these systems were how they
operated in specific domains. No other utilities were offered by these systems unless it fell into
the category of knowledge encoded within.
Future Applications

The use of expert systems in medicine was widely used in the early l 970s, however, due
to the lack of support these systems are no longer being used today. Even though expert systems
are not specifically used, the systems created a wave of thinking that incorporated computer
nided diagnoses. Today, you will rarely see a hospital not using some sort of computer-aided

1--
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medicine. Some examples including AI that interpret pathological tissue slides and software
similar to expert systems that can make diagnoses. PathAI is a machine-learning program that
analyzes pathological scans of tissues to help physicians and laboratory technicians diagnose
abhormal pathologies such as cancer. Buoy Health is a chatbot AI that interprets patient imported
symptoms by utilizing machine learning and intelligent algorithms to help patients diagnose and
treat themselves with the help of in-person doctors.
Expert systems are an old application of artificial intelligence, yet they should not be
discounted from being used today. With improvements to their design, these systems could fulfill
the shortage of doctors in remote and rural areas across the country. Access of adequate medical
care is one of the biggest issues in our healthcare system today {Barber et. al., 2017). These
computer systems provide a low-risk way of getting healthcare to these individuals that need it
the most. It is of importance to note that these systems could not be standalone healthcare
representatives, as they need to be monitored to develop trust withinffeese communities.
Concluslon
Expert systems provide a huge benefit to society, however, these systems lost traction
early on in their development. With the increasing use of AI and computer-aided software in
medicine, it is important to revisit these systems and improve upon their original designs. By
analyzing these systems, it would be possible to create AI that have the expertise and knowledge
of their human counterparts as well as incorporating the design principles being used in the AI
we use in our everyday lives. Increasing the use of Al in medicine and in medical education will
allow for another boom in innovation within the medical field by changing the way AI is
visualized by the public and professionals alike. Expert systems provided the medical field with
new waves of thinking when it comes to technology. It is now important to revisit these old
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systems. By revisiting this original era of artificial intelligence. the medical field will be able to
improve and create systems that provide exceptional healthcare in a new format.
The key component to implementing artificial intelligence inside the healthcare system is
to get the support of medical professionals. Rather than trying to replace the people who have
dedicated their lives to �rving others, they should be included in the discussions regarding the
design and capabilities of these new systems. Doctors and other professionals are the experts in
this field. they know their patients, they know what will work. and they know what will not
work. By integrating these individuals into the process, the merging of these two important fields
will be efficient and less troublesome long tenn.
The final concern regarding incorporating artificial intelligence within medicine is trust.
Trust from the public, trust from the medical professionals, and trust from the system developers
are all essential. Without mutual trust and honesty. artificial intelligence will fade out of the
healthcare system just like expert systems did in the early l 980s. Constant communication
between these three parties is important to ensure the benefits of these systems are being
maximized.
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